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Title of the Invention 

Combination Seal Ring with Encoder 

Field or the Invention 

The present invention relates to a combination seal ring with an encoder, more 
particularly a combination seal which is incorporated into a rolling bearing unit for 
rotationally supporting road wheels of a vehicle relative to a suspension unit, to 
thereby seal the rolling bearing unit, and is also utilized for detecting the rotational 
speed of wheels supported by the rolling bearing unit. 

Background of the Invention 

A rolling bearing unit filled with an encoder as described in, for example, 
Japanese Unexamined Patent Publication No. TokuKaiSho 64-21219 has heretofore 
been known, to rotatably support wheels of a vehicle relative to a suspension unit as 
well as to delect the rotational speed of the wheels in order to control an anti-lock 
brake system (ABS) or a traction control system ( I CS). 

Moreover, a structure in which an encoder is fitted in a part of a seal ring, which 

is used for closing an opening at an end portion of the rolling bearing unit, has 

heretofore been known, as described hi, for example, Japanese Unexamined Patent 
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Publications Nos. TokuKaiHei 5-26233, 5-238369, 6-281018, 9-274051 and 11- 
44702, and European Patent Publication EP 0 495 323 AL 

When detection of the rotational speed of the wheels is performed magnetically, 
encoders in which the magnetic property changes alternately in the circumferential 
direction (generally, at even intervals) are used. In order that the magnetic property 
changes alternately in the circuraferetitial direction in such encoders, a plurality of 
removed portions and solid portions arc alternately formed in the circumferential 
direction on a magnetic material, or a permanent magnet in which S poles and N poles 
arc arranged alternately is used. 

Among these, the encoder made of a permanent magnet is recently increasing in 
use from the point that the structure on the sensor side is easily made up, and that is 
maintains detection accuracy at low speeds. 

In the case of the combination seal ring fitted with an encoder that is heretofore 
known, for example, from the description in the above mentioned publications, it has 
been difficult to incorporate the seed ring into a small roiling bearing unit in a condition 
where diis docs not protrude from the end face of a race of the rolling bearing unit, 
while ensuring sufficient sealing property, and also ensuring a sufficiently large output, 
regardless of slight fitting errors. 
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Summary o f the Invention 

An objective of the present invention is lo provide, taking the above situation into 
consideration, a combination seal ring with an encoder which is used between a fixed 
ring and a rotational ring for closing off an opening at an end portion of a space 
existing between a circumferential face of the fixed ring and a circumferential face of 
the rotational ring, and also for delecting the rotational speed of the rotational ring. 

Brief Description of the Drawin gs 

Fig. 1 is an enlarged, cross sectional end view of a first example of the 
embodiments of the combination seal ring with an encoder according to the present 
invention. 

Fig. 2 is a cross sectional view of a rolling bearing unit in which the first example 
of the embodiments of the combination seal ring with an encoder according to the 
present invention is incorporated. 

Fig. 3 is an enlarged, cross sectional end view of a second example of the 
embodiments of the combination seal ring with an encoder according to the present 
invention, 

Fig, 4 is an enlarged, cross sectional end view of a third example of the 
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embodiments of the combination seal ring with an encoder according to the present 
invention. 

Fig. 5 is an enlarged, cross sectional end view of the slinger and encoder in the 
first example of the embodiments of the combination seal ring with an encoder 
according to the present invention for explanation on the measurement conditions of 
the magnetic flux density. 

Fig. 6 is a graph to show a measurement result of the magnetic flux density. 

Detailed Description of the Preferred Embodiments 

The combination seal ring with an encoder of the present invention, where a 
combination seal ring is fitted with an encoder, is provided for use between a fixed 
ring and a rotational ring to close off the opening at one end of the space between the 
fixed ring and the rotational ring,, and essentially comprises a seal ring secured to the 
circumferential face of the fixed ring, a slinger made of metal and secured to the 
circumferential face of the rotational ring, and an encoder supported by and secured to 
the slinger. 

The seal ring comprises: a metal core consisting of a fixed cylindrical portion 
which is fitted and secured to the circumferential face of the fixed ring, and a fixed 
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circular ring portion bent toward the circumferential face of the rotational ring from 
one end rim of the fixed cylindrical portion; and a resilient member having at least one 
seal lip, wliich is bonded all around the metal core. 

Moreover, the slinger comprises a rotational cylindrical portion which is fitted 
and secured to the circumferential face of the rotational ring, and a rotational circular 
ring portion bent toward the circiunfcrential face of the fixed ring from the end rim of 
the rotational cylindrical portion; and does not comprise a resilient member. The 
rotatiotial circular ring portion has a first side face and second side face axially 
opposite to each other. 

The slinger has at least a portion on the circumferential face of the rotational 
cylindrical portion and on the first side face of the rotational circular ring portion, 
against which the respective end rim of the at least one seal lip is nibbed. This portion 
is made in a smooth surface. 

Furthermore, the encoder is made of a rubber magnet in which S poles and N 
poles are alternately arranged in the circumferential direction, and is bonded and 
supported on the second side face of the rotational circular ring portion, which is 
opposite to the seal lip. This encoder is attached to the rotational circular ring portion 
by a molding process, wherein this second side face surface is utilized for molding. 
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In a case of the combination seal ring fitted with the encoder, the end rim of the 
encoder exists in a position depressed by 0.2 nun or more from the end rim of the 
rotational circular ring portion, in the diametrical direction, while in another case of the 
combination seal ring fitted with an encoder, a part of the end rim of the encoder 
covers the end rim of the rotational circular ring portion so as to be connected to the 
end rim of the rotational circular ring portion. 

The operation of sealing between the circumferential face of the fixed ring and 
the circumferential face of the rotational ring by the combination seal ring with an 
encoder of the present invention constituted as described above, and preventing 
ingress of foreign matter into the space between both those circumferential faces, 
while preventing grease tilled into the space from leaking outside, is similar to the 
operation of the combination seal ring fitted with an encoder heretofore known as 
described in the aforementioned publications or the like. 

Particularly, in the case of the combination seal ring fitted with an encoder of the 
present invention, sufficient sealing properly can be ensured and also a sufficiently 
large output can be ensured regardless of slight fitting errors, while incorporating the 
seal ring into a small roiling bearing unit in a condition where this does not protrude 
from the end face of a race of the rolling bearing unit. 
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Now some examples of the present invention are detailed referring the attached 
drawings. 

4 

FIG. 1 and FIG. 2 show a first example of an embodiment of the present 
invention. First, a combination seal ring 1 fitted with an encoder will be described. 

There is a combination seal ring 1 with an encoder, which is provided between an 
outer ring 5 which is a fixed ring (FIG. 2) and an inner ring 6 which is a rotational ring 
(FIG. 2) described later, specifically at one end portion thereof. 

The combination seal ring I with an encoder comprises a seal ring 2 internally 
fitted and secured to one end portion of the outer ring 5, a slinger 3 made of a 
magnetic metal plate such as a steel plate or a stainless steel plate and externally fitted 
and secured to one end portion of the inner ring 6 y and an encoder 4 supported and 
secured by the slinger 3 

The seal ring 2 consists of a metal core 7 formed in an overall annular shape to 
give an I, -shape in cross-section, and a resilient member 8. 

The metal core 7 is formed in an overall annular shape to give an L-shape in 
cross-section using a metal plate such as a low carbon steel plate or the like, and has a 
fixed cylindrical portion 9 which is internally fitted and secured to the inner 
circumferential face of the fixed ring or outer ring 5 by interference fit, and a fixed 
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circular ring portion 10 bent in the diametrically inward direction from an axial end rim 
of the fixed cylindrical portion 9 toward the outer circumferential face of the inner ring 

6. 

Moreover, the resilient member 8 is bonded over the whole periphery of the metal 
core 7, and has three seal lips 1 I a to 1 lc. In general, the resilient member 8 is made 
of rubber, and is connected to the metal core 7 by thermal bonding. In a case, a single 
seal lip may be sufficient 

Moreover, the slinger 3 comprises a rotational cylindrical portion 1 2 which is 
externally fitted and secured to the outer circumferential face at one end portion of the 
inner ring 6 by interference fit, and a rotational circular ring portion 13 bent in the 
diametrically outward direction from an end rim of the rotational cylindrical portion 12 
toward the inner circumferential face of the outer ring 5. The rotational circular ring 
portion 13 has first and second side faces. 

The seal lips 1 la to 11c come into contact with the rotational cylindrical portion 
12 and the first side face of the rotational circular ring portion 13. 

This slinger 3 does not comprise a resilient member, and has a smooth surface 
portion on the outer circumferential face of the rotational cylindrical portion 12 and on 
one side of the rotational ring portion 13, so that the end runs of the seal lips 1 la to 
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1 1c are nibbed against the smooth surface portion, respectively. 

The encoder 4 is made of a rubber magnet in which S poles and N poles ar e 
alternately arranged in the circumferential direction. That is to say, the encoder 4 is 
made from a rubber magnet with a ferrite powder incorporated in the mbbcr, and 
formed in a circular ring shape, and magnetized in the axial direction (in the left and 
right direction in FIG. 1). 

The magnetized direction is changed alternately in the circumferential direction at 
even intervals. Therefore, on one side or the encoder 4 7 S poles and N poles arc 
arranged alternately in the circumferential direction at even intervals. Such an encoder 
4 is bonded and supported on the second side face of the rotational circular ring 
portion 13, opposite to the respective seal lips 11a to 1 1c. 

The encoder is made by a molding process wherein a rubber material 
incorporated with a ferrite powder is molded by utilizing this second side face of the 
rotational circular ring portion 13. 

The end rim on the outer circumference of the encoder 4 exists in a position 
depressed by 6 in the diametrically inward direction from the end rim on the outer 
circumference of the rotational circular ring portion 13. In other words, the end rim of 
the encoder 4 is short of the end rim of the rotational circular ring portion 13. In the 
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case of the present invention, the quantity 6 by which the end rim on the outer 
circumference of the encoder 4 is depressed from the end rim on the outer 
circumference of the rotational circular ring portion 1 3 is made to be 0.2 mm or more 
but as small as possible (close to 0.2 mni, for example, not larger than 0.4 mm). 

This is to prevent the rubber material from going around to the opposite side of 
the rotational circular ring portion 1 3 from the end ritn on the outer circumference of 
the rotational circular ring portion 1 3, when the slinger 3 is set in a mold for molding 
the encoder 4 and the rubber material is injected into the mold. That is to say, in this 
way the portion, which is nibbed by the end run of the seal lip 1 lc at a portion towards 
the outside diameter on the opposite side face of the rotational circular ring portion 13, 
can be maintained as a smooth face (so that the rubber material does not adhere to the 
rubbed portion), 

However, the depressed quantity 6 is suppressed as small as possible, and the 
radially inner circumferential rim position of the encoder 4 is located in the 
diametrically inward direction as much as possible, to thereby ensure the width 
dimension W 4 in the diametrical direction of the encoder 4. 

Therefore, in the case of this example, the inner circumferential rim of the 
encoder 4 is located in a position on the outside diameter of a curved portion 25 
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having a one-quarter circular arc shape in cross section, which makes the rotational 
circular ring portion 13 and the rotational cylindrical portion 12 continuous (in a 
position where the outer circumferential rim of the curved portion 25 and the inner 
circumferential rim of the rotational circular ring portion 13 arc continuous). 

Now, Fig. 2 shows a rolling bearing unit 14, for example, in which the 
combination seal ring 1 fitted with an encoder constituted as described above is 
incorporated, so that the rotational speed of wheels rotatably supported by the rolling 
bearing unit 14 relative to a suspension unit can be freely detected. 

The rolling bearing unit 1 4 shown in FTG. 2 is for supporting driven wheels (rear 
wheels of FR vehicles and RR vehicles, front wheels of FF vehicles, and all wheels of 
4 WD vehicles) relative to the suspension unit. 

The fixed ring or outer ring 5 of such a rolling bearing unit 1 4 has outer ring 
raceways 1 5 in double row on the inner circumferential face. Moreover, an attachment 
portion 16 in an outward flange form is provided for supporting and securing the outer 
ring 5 relative to the suspension unit, in a middle part on the outer circumferential face 
of the outer ring 5, 

Furthermore, the inner ring 6 is attached to a hub 17 which is arranged 
concentrically with the outer ring 5 on the inside thereof. The hub 17 and the inner 
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ring 6 are combined to constitute a rotational ring. 

There are formed inner ring raceways 18 on the outer circumferential face of the 
hub 17 and the inner ring 6, respectively, facing the outer ring raceways 15. 

Also a spline hole 19 is formed in the center of the hub 17. Into the spline hole 
19 is inserted a spline shaft attached to a constant velocity joint, not illustrated, when 
fitted to the vehicle. 

Then, the hub 17 and the inner ring 6 are clamped axially between an end face of 
a housing provided in the constant velocity joint and a nut screwed onto the end 
portion of the spline shaft opposite to the constant velocity joint. 

The opening of the hub 17 at the nut portion is closed off by fitting a closure, not 
illustrated, thereto, after the nut has been screwed and tightened. 

Moreover, a flange 22 for supporting road wheels is provided on a portion of the 
hub 17 protruding from the opening of the outer ring 5 opposite to the constant 
velocity joint. Specifically the flange 22 extends from a portion on the axially outer 
side of the hub 17 (the term "axially outer side" means a portion which becomes 
outside in the axial direction, when filled to the vehicle, and left side in the figure 2). 
A road wheel, not illustrated, is coupled and secured to the flange 22 by a stud, not 
illustrated, fixedly provided in the flange 22. Therefore, the hub 17 rotates with the 
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road wheels, as the vehicle runs. 

Moreover, a plurality of balls 20 serving us rolling elements are provided for each 
row between the outer ring raceways 15 and the inner ring raceways 18. These balls 
20 are retained so as to be freely rotatable by retainers 21 , in the state that they are 
separated from each other in the circumferential direction. Therefore, the hub 17 is 
supported rotatably on the radially inside of the outer ring 5. 

Incidentally, when a rolling bearing unit for vehicles in which the weight 
increases, taper rollers may be used instead of using balls 20 as the rolling bodies. 

Moreover, a seal ring 23 is internally fitted and secured to the end portion of the 
outer ring 5 on the axial ly outer side thereof, and the end rim of a seal lip of the seal 
ring 23 is rubbed against and brought into contact with the outer circumferential face in 
the middle part of the hub 17, to thereby close off the opening at the end on the axially 
outer side of the space 24 existing between the outer circumferential faces of the hub 
17 and the inner ring 6 and the inner circumferential face of the outer ring 5. 

The combination seal ring I fitted with an encoder constituted as described above 
is provided at the end portion on the axially inner side of the rolling bearing unit 14 
constituted as described above and fitted between the inner circumferential face of the 
end portion on the axially inner side of the outer ring 5 and the outer circumferential 
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face of the end portion on the axially inner side of the inner ring 6, in the state closing 
off the opening at the end on the axially inner side of the space 24 (the term "axially 
inner side" means a portion which becomes inside in the axial direction, when fitted to 
the vehicle, and right side in the figure 2). 

That is to say, the fixed cylindrical portion 9 is internally fitted and secured by 
interference fit to the end portion on the axially inner side of the outer ring 5, and the 
rotational cylindrical portion 12 is externally fitted and secured by interfet ence fit to 
the end portion on the axially inner side of die inner ring 6. 

Moreover, in this state, the end rim of the respective seal lips 11a, 11 b and lie 
are tubbed against the outer circumferential face of the rotational cylindrical portion 12 
and the radially outside face of the rotational circular ring portion 1 3, over the whole 
circumference. 

Also, a detection portion of a sensor, not illustrated, supported by fixed portions 
such as the outer ring 5 or a part of the suspension unit is opposed to the face on the 
axially inner side of the encoder 4, via a small gap. 

In the case of the combination seal ring I with an encoder of the present invention 
constituted as described above and fitted to the rolling bearing unit 14 in the manner 
described above, since the position of the outer circumferential rim of the encoder 4 is 
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located in the diametrically outward direction as much as possible, and 
the position of the inner circumferential rim thereof is located in the diametrically 
inward direction as much as possible, the width dimension W4 in the diametrical 
direction of the encoder 4 can be made large. Hence, it is possible to increase the 
output of the sensor facing the face on the axially inner side of the encoder 4 to 
thereby improve the detection reliability of the rotational speed of a wheel, or reduce 
the production cost of the signal processing circuit. 

Moreover, in the case of this example, since the end rim on the outer 
circumference side of the encoder 4 is depressed slightly in the diametrically inward 
direction from, in other words, short of, the end rim on the outer circumference side of 
the r otational ring portion 1 3, this can prevent the rubber material constituting the 
encoder 4 from going around from the end rim on the outer circumference of the 
rotational circular ring portion 13 to the opposite side face or first side face of the 
rotational circular ring portion 13. Hence, the portion rubbed by the end rim of the 
seal lip 11c at a portion towards the outside diameter on the opposite side face or first 
side face of the rotational circular ring portion 13, can be maintained as a smooth face, 
to thereby ensure the sealing property. 

FIG. 3 shows a second example of an embodiment of the present invention. In 
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the case of this example, the outside diameter of the encoder 4 is made slightly larger 
than the outside diameter of the stinger 3. Moreover, the outer circumferential rim 
portion of the encoder 4 is extended to the outer circumferential rim portion of the 
s linger 3, and both outer circumferential rim portions are connected to each other. 

In the case of such a construction of this example, the width dimension W 4 in the 
diametrical direction of the encoder 4 is made larger, enabling an increase in the output 
of the sensor facing the face on the axially inner side of the encoder 4. Moreover, the 
area for bonding the encoder 4 and the slinger 3 can be increased to thereby improve 
the strength of bonding the encoder 4 lo the slingcr 3. 

In the case of this example, if the encoder 4 is formed by molding a rubber 
material with a ferrite powder incorporated therein, wherein a part of the surface of the 
slinger 3 is utilized for molding, there is a possibility that the rubber material may 
adhere to the first side face of the rotational circular ring portion 13 of the slinger 3. 
To avoid this, when the structure of this example is prepared, a pre-formed encoder 4 
may be bonded to the stinger 3. 

FTG. 4 shows a third example of an embodiment of the present invention. In the 
case of this example, a chamfer 26 is formed on the first side face at the outer 
circumferential rim portion of the rotational circular ring portion 1 3 of the slmger 3, to 
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thereby form the outer circumferential rim portion of the rotational circular ring portion 
13 in a wedge form. 

Moreover, the outer circumferential rim portion of the encoder 4 is extended over 
the outer circumferential rim of the slinger 3 up to the chamfer 26, and the inner 
circumferential run portion of the encoder 4 is extended up to a curved portion 25 of 
the slinger 3. 

hi the case of such a construction of this example, the width dimension in the 
diametrical direction of the encoder 4 can be further increased and the bonding 
strength between the encoder 4 and the slinger 3 can be further improved . 

Furthermore, when being fitted to the rolling bearing unit, the inner 
circumferential rim portion of the encoder 4 is resiliently compressed between the 
curved portion 25 and the outer circumference of the inner ring 6 (FIG, 2), to thereby 
seal the space between the outer circumference of the inner ring 6 and the inner 
circumference of the slinger 3. 

When the present invention is implemented, the detection accuracy of the 
rotational speed can be ensured by making the size so as to largely obtain 
characteristic effects and by increasing the width dimension of the encoder. The 
reason for this will be described with reference to FIG. 4 and FIG. 5. 
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First, the sectional height of a seal portion where the combination seal ring 1 
fitted with an encoder of the present invention is fitted, that is, a space H shown in 
FIG. 2 between the inner circumferential face at the end portion on the axially inner 
side of the outer ring 5 and the outer circumferential face at the end portion on the 
axially inner side of the inner ring 6 is 4 to 7 mm. 

In the case of a relatively large rolling bearing unit in which the space or sectional 
height H exceeds 7 mm, the detection accuracy of the rotational speed can be ensured 
without relying upon the present invention. 

On the contrary, when the space or sectional height II is less than 4 mm, even 
with the present invention, it becomes difficult to ensure the detection accuracy of the 
rotational speed. 

Incidentally, the width dimension W 4 of the encoder 4 is assumed to be 50 % or 
more of the above described space H (W 4 ^ 0.51 1). When the condition of W /( ^0.5 
II is not satisfied, even if the present invention is applied, it is difficult to ensure the 
detection accuracy of the rotational speed. Moreover, it is necessary to ensure the 
width dimension W 4 of the encoder 4 to be 2.0 mm or more (W 4 2.0 mm). 

The reason why the condition is W 4 ^; 2.0 mm will be described below. 

The present inventor prepared three kinds of encoders 4 having the width 
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dimension W 4 of 3.75 nun, 2.8 mm and 2.0 mm, respectively, and measured the degree 
thai the magnetic flux density changed at a position in the diametrical direction. That 
is to say 7 as shown in FIG. 5, the magnetic flux density in a pitch circle portion of each 
encoder 4, and at a position 1 .0 mm away from the side face of each encoder 4 (a 
portion of point A in FIG. 5) is designated as 1, and changes in the magnetic flux 
density were measured with respect to respective cases, by changing the measurement 
position in the diametrical direction. The thickness of each encoder 4 was 0 8 mm, 
and the thickness of the s linger 3 made of a steel plate was 0.6 mm. The results are 
shown in FIG. 6, 

As is clear from FIG. 6, the range in the diametrical direction that can ensure 90% 
or more of the magnetic flux density in the pitch circle portion is about 2.2 mm when 
the width dimension W 4 is 3.75 mm, about 1 .4 nun when the width dimension W 4 is 
2.8 nun, and about 1.0 mm when the width dimension W 4 is 2.0 nun. In the case 
where the detection accuracy of the rotational speed is maintained, it is necessary to 
make the sensor face a portion where the above described magnetic flux density 
exceeds 90 % of the magnetic flux density in the pitch circle portion. 

On the other hand, considering errors in the position of the sensor to be fitted 
relative to the encoder 4, the range becomes about 0.5 mm. That is to say, it is 
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necessary to consider about 0.1 mm of discrepancy between the rotation center of the 
encoder 4 and the rotation center of the inner ring or rotational ring 6. 

It is also necessary to consider about 0.1 mm of discrepancy between the outer 
ring 5 (FIG. 2) and a carrier fixed to the outer ring 5 for supporting the sensor. 

Moreover, it is necessary to consider about 0.2 mm of discrepancy between the 
carrier and a holder for embedding and supporting the sensor. Tl is also necessary to 
consider about 0.1 mm of discrepancy between the holder and the sensor. 

When all these discrepancies arc added, the above described error in the position 
of the sensor to be fitted relative to the encoder 4 becomes about 0.5 mm as described 
above. The width dimension W 4 of the encoder 4 described above is required to be at 
least 2.0 mm, in order to ensure that the magnetic llux density detected by the sensor 
exceeds 90% of the magnetic flux density in the pitch circle portion, even if this 
discrepancy occurs in either direction of the inner diameter side or the outside diameter 
side. 

As shown in FIGS. 1 and 2, in the case of a structure where the entire encoder 4 
is bonded to and supported by the rotational circular ring portion 13, the thickness of 
the rubber magnet of the encoder 4 is not particularly limited. On the contrary, as 
shown in FIGS. 3 and 4, in the case of a structure where the outer circumferential rim 
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portion of the encoders 4 is protruded from the outer circumferential rim of the slingers 

3 in the diametrical direction, it is required that the thickness dimension or the rubber 
magnet of the encoders 4 is 02 to 1 .0 mm. 

If the thickness dimension is less than 0.2 mm, there is a possibility that local 
peeling may occur. On the contrary, if the thickness dimension exceeds 1 .0 mm, there 
is a possibility that in a portion of the rubber magnet of the respective encoders 4 
which protrudes diametrically from the slingers 3, the planar accuracy cannot be 
maintained so that this portion oscillates axially. In either case, there is a possibility 
that it is not possible to keep a distance constant between the side face of the encoders 

4 and the sensor, and accurate detection of the rotational speed cannot be performed. 

The combination seal ring lilted with an encoder of the present invention is 
constituted and operates as described above. Hence it has an excellent sealing 
property, and can improve detection accuracy of rotational speed by a rotational speed 
detection apparatus. 
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